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INTRODUCTION 
When one fixate at bright stimulus on a dark field with one eye (B-eye, 
or the active eye) open and the other eye (A-eye, or the resting eye) closed 
for about 30s. or more and then, closing the B-eye while the stimulus is 
taken away, opens the A-eye, one may see a faint after-image in most 
cases. This is called "Bocci image". c1> It is a image that appears on the 
retina of the not directly stimulated eye. Therefore, it is considered to 
be centrally caused and so often called "the cerebral image". This image 
seems to lie between the binocular or monocular after-image on one hand, 
and the centrally produced eidetic image and imaginative or memory image 
on the other. It is perhaps a phenomenon intermediate between the two 
kinds of images, so that it is assumed to have some characteristics similar 
to the eidetic image. This is the reason why we have much interest in 
it. (2 ) 
The first experimental observation of the Bocci image was perhaps one 
made by G. Th. Fechner in 1860, <3> who interpreted the phenomenon by 
contrast. Helmholz, Wundt(•> and Beclard (1882) observed it and expressed 
their opinions. But they also inclined to the contrast theory. On the other 
hand, Charpentier and Chauveau experimented about the phenomenon and 
attempted to explain it by the cooperative stimulation of two eyes. 
On the contrary, Parinaud and Etbinghaus(5> recognised a big role 
played by the intervention of the brain. 
The most systematic and thorough-going observations of the phenomenon 
were carried out by E. B. Titchener<6> at Wundt's laboratory in Leipzig in 
1893 and by B. Bocci, an Italian physiologist and his pupils in 1897 and 
afterwards ta Siena. Tithcener held, on the whole, the contrast theory 
and Bocci assumed the cerebral origin theory. 
Long afterwards, R. S. Creed and R. D. Harding (1930)<7> as well as F. 
C. Sumner and F. P. Watts<8> (1939) experimented on it under exact conditions 
and asserted the concurrence theory of visual field of two eyes. But 
Sumner and Watts observed only two subjects. 
The Bocci image is too faint to be easily observed and not all persons 
are able to produce it. Consequently almost all researchers have con-
structed special apparatus or applied special stimuli and special experi-
mental procedure and the number of persons who participated in the ex-
periments as subject has been generally quite limited. So that most of 
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the reported results cannot be compared with one another and they do not 
always coincide and are not convincing enough. 
In our research we wanted first to observe the Bocci phenomenon not 
by direct light, but by indirect light which was reflected from the colour-
ed paper and to compare the Bocci image with the ordinary after-image 
of the active eye. Further we wanted to ascertain individual differences 
concerning the ability to produce the Bocci image as well as the various 
qualities of the image. 
EXPERIMENT I 
Stimuli: 3 Zimmermann's standard coloured papers : red, green and 
blue of the size of 5. 0cm square. There was a little white cross in the 
middle which served as the fixating point. Distance from the eyes was 
70cm. 
Illumination : In a dark room, there are two IOOW. electric lamps on 
both sides of the subject (Fig. I). the lamps were contained within little black 
boxes. Through a hole in The box the light was directed so as to illuminate 
the colour square only. Therefore, the rest of the field remained in dark. 
As soon as the duration of fixation (60s. ) was over, the active eye was 
Fig. I. Plane figure of experimental apparatus. 
fixating Point-, 
( l/&ightZ7.5cm) _ _ (ZndLig/,t,ng) 
--;_------------- 7(Jcm -----
, (1st L,g!Tting) 
, Exper 
C, : /lfRiglllo'ot'm I 
vf!reen ( 'Widt/1 1HJ ,, / 
fJesk 
1/e!ghf 75t'IR 
ELeetr/e .5' o u re! 
closed and the resting eye was opened. At the same time, one lamp was 
switched off and only one lamp was kept on, so that the field became darker 
than before. 
Fixation: 60s., through a peeping frame, without moving the face and 
head. The observed colour of the image was identified with one of nine 
Zimmermann's coloured papers of 2. 5cm ranging from red to violet which 
were pasted side by side on a gray paper of 9 x 30cm. 
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THE RESULTS OF EXPERIMENT I 
As a preliminary experiment, we let observe 20 subj. to ascertain how 
many persons there were who could produce a clear and distinct Bocci 
image. They were university students, post-graduates and instructors. Of 
those we found 6 persons who produced a clear image. These 6 persons 
we adopted as subj. in the following experiments. The general tendency 
we found there was that the older the subj. was, the more rarely the 
Bocci image appeared. 
In general wide individual differences were observed. 
(1) As regards the duration of the image, subj. S saw it for 75 to 
98s., while most subj. for 20 to 50s .. 
(2) The Bocci image was aroused differently according to the stimulus 
colour. Red could produce it most easily, but green and blue, especially 
blue, produces it more rarely in almost all subj. . The reason is not clear. 
(3) It is one of characteristics of this phenomena that the latent period 
is quite long. If the latent period is comparatively small, the duration of 
the Bocci image tends to be long. 
(4) In general there were fluctuations of appearing. But, the width of 
fluctuation was various. See the following examples: 
O Some examples of appearing. 
---Appearing Cc) nearly complementary colour. 
, ............... Disappearing (e) nearly equal colour to stimulus. 
Subj. A. Stimulus colour, red (big). R. 
(Lt 5) (2) (6) (4) (8) (6) (4) (3) 
I ]···· ................. /---/············ ........... !---\--· ...... · ··--··--···-- 1----; .. --···········j·---t ...... . 
5''(c)7'' 13'' (e) 17" 25'1 Cc) 31 '' 35"(e) 38'' 
The I st and 3rd images ; between blue and greenblue. Cc) Frames of images are dis-
The 2nd and 4th images; purple (blue girth.) Ce) tinct to the last. 
(Lt 5) (3) (8) (4) (19) (3) 
II / ................... \---] ·······•---f ....................................... 1-·--\---... .. 
5'1 (c) 81' 16" Cc) 20'' 39'1(e)42'' 
The I st and 2nd images; Blue (Purple girth). Cc) Frames of images are distinct ex-
The 3 rd image ; Purple. Ce) cept the 2nd. 
Subj, M. Stimulus colour, red (big). R. (all complementary images) 
(Lt 4) (2) (6) (I) (3) (I) (5) 0) (8) (5) 
II J--··· .... ····l-·-1 ....................... l--\• ........ 1-1· .................... 1--1 .. ·· .. ·· ........................ , .................... l•········ 
4" 6" 12' 13'' 1611 17'' 2211 23'1 31 11 36" 
(Lt 3) Cl) (5) (2) (5) Cl) C8) (2) C7) C2) 
III ] .. ···/-i" .................... 1-/--................... l_l······ ........................ i-\ ························f--l 
3'' 4'1 911 I 1" 16" 1711 25'' 27'' 34' 36 1 
I 
(JO) (2) 
.............................. l··--1 .. ··•··· 
46" 48'' 
Green blue ; Girth. II vague, III purple violet ; Frames, II Indistinct, 
Subj. T. Stimulus colour, red (big). R. (all complementary images) 
(Lt 5) (15) 
1·······•······· ... · .. l--------1·• ............ . 
5" 20'1 
(Lt 5) (6. 5) (4. 5) (8) 
II ................... -1------f .. ········ ...... ,_ ____ -1 
5'' 11.511 16" 24'' 
III distinct. 
Green blue. Girth,red orange. Frames; 1st of II, distinct, 
distinct. 
the others are not so 
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(5) The colour of the Bocci image was complementary in 5 subj. . But 
in subj. A, it was not complementary, but almost the same colour as the 
stimuli. Besides, in subj. 0, after apearing of a complementary colour for 
40 or 60s. the image furned into the same colour as the stimuli. Because 
of these individual differences we cannot hold to the contrast or rivalry 
theory exclusively, but we must admit, at least in a few cases, the cerebral 
origin theory as well. 
(6) Between the right eye and left eye projection, we have found no 
remarkable difference in the production of the Bocci image. But there 
seems to be a tendency that the image is slightly more easily produced by 
the right eye. 
(7) According to the reports by introspection of subj. A, S and U, the 
image appeared clearly when they felt that their eyes were tired or grown 
dim. If they wanted to see the image clearly, it disappeared. 
(8) It is remarkable that the duration of the Bocci image of subj. 0 is 
longer than that of the after-image of B-eye (stimulated eye). The Bocci 
image aroused by the red stimulus lasted 5 (right eye) to 6 times (left 
eye), and one aroused by the green stimulus 2, 9 (right eye) to 3 times 
(left eye) longer than the after-mage of the stimulated eye. 
EXPERIMENT II 
We think we have fairly succeeded in producing the Bocci image to 
some extent regularly in several persons. Now, we want to know how 
much the image is dependent upon cerebral or psychological factors and 
how much upon peripheral or physiological factors. In what degree has it 
characteristics approximate to the eidetic or memory image? To test it, we 




Fig 2. Stimuli of the 2nd Experiment. 
We prepared a horse, a dog and a man's profile of about 5cm square 
cut out of red, green and blue Zimmermnn paper respectively (Figure 2). 
We wanted to know which sort of stimuli produce the Bocci image more 
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easily, a homogeneous colour square or more meaningful or more interes-
ting colour objects. If the Bocci image is caused psychologically rather 
than physiolosically, it is supposed to be produced more easily by a meaning-
ful stimulus and become clearer and more enduring. 
THE RESULTS OF EXPERIMENT II 
7 Red /Horse) 










Subj- 0 RJJJ 
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Fig. 3. Some examples of the image 
Subj. A HF 
Q 
(1) The image appeared, in general, not in a form identical or similar 
to that of the original stimulus, but in a very simplified and modifie.d form 
(Fig. 3). Its contour as well as the whole shape of the figure was vague as 
clouds. But it is remarkable that subj. A produced a relatively clear 
image and the entire form of the original stimulus was reproduced. Its 
colour was complementary. 
(2) The duration of the image was generally a little shorter than that 
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of the after-image aroused by a homgeneous colour square (Table 4, 5 and 
6) 
T bl 4 St. I . Red fi e of horse (size; Nearly equal to big square of the) a e . mm us. gur ' 1st Exper. 
Duration (sec) Latent time (sec) N. of F. I Duration of igura each image 
Sub Eye 1;-a--~---,,,---i, ~--~-- ap- distinctness 
Mean !Case of\ o/ Mean \Case of!-% pearance of image Long-!Short 
1------~-~_C_m_._V_)'-c1sq ___ u. (big) /o (m. V) square O ~-----~e_.st __ le_s_t------11 
T I R 125. 3(3. 6)\ 21. o 112114. 710. 9)) 4. 3 I 109\ 2 )A little Dist.1 105 I 
L 22. 7(7. 8) 23. o 99 8. 3( I. 8)j 4. O : 208
1




A I R 1
1
20. 0(2. 7)1 36. 7 I 5513. O(O )l 4. o 11 7513, once 2 '!Most Indist. I 66 I _3_ L 12. 7(3.1) 18.3 69
1 
4.3(0.9) 3.3 13D2,once I Most Indist. __ 2 
~ I ~ I ~ I :::~ I= I = \ 1:~~L-_ ----~- ______  
0 
R 35. 3(3. 8)1 
I 
L 29. 3)5. 6Jj 
45 -3- ---7-8 IO _0_(_2 7T 4 O 25013 once 2 A littlt; diJt-
. · · >1· · I ' (Once md1st.) 
52. 3 56 5. O(O. 7) 2. 7 l 75 4, once 3 ACOlittl~ ddi.stt· ) I nee m 1s. 
5 
3 
--- --- ---- --- - - ----
s R 53. 0(9. 3) 84. 7 
L 67. 0(6. 7) 75. 7 
u I R 143. 3(3. 9)1 59. 3 
L 35. 0(6. O) 52. 3 
6313. 0(l. 0) 
89 4. 3(0. 4) 





Table 5. Stimulus : Green figure of dog. 
(A little dist. ) 
228Each2,3,4 Once very 
indist. 
187 5,once 6 





I Duration _ Latent time l~P~m. of \Figural Durati~n of 
Sub. Eye distinctness of each image 
Mean jCase off % Mean \Case ofl o/ lpearance I image long- J short 
, (m. V. ) square , 0 Cm. V. )square / 0 1 i est est 
T I R 119. 0(3. 3)1 116216. 0(1. 3)1 I 691 
I 
---
I 1. 7 8. 7 2 llndist. 4 ! l 
L 18. 3(3. l) 10. 3 l 78 5. 0(0. 7) 4.0 1251 2 Most Indist. 4 I 2 
A I ~ \ 9.3~.8)1 12.3 I ~6
1




l [ Most Indist. I 4 I 3 





I ___ I 
-
I 
6.3 I=! 0 8. 3 - 7.0 ------ -~--- --
R 26. 7(1. 6) 37.0 
I 
72 13. 3(0. 9) 12. 7 105 2,Once 3 A little Dist. 3 I 2 0 Dist. L 39. 0(5. 3) 47.3 83 9. 0(0. 7) 8.0 l 13 3,Once 2 I Once Indist. 7 I 3 I I 
s I R 122. 0(5. 3)1 44.3 I 
50114. 0(1. 3)1 11. 3 
I 





L 30. 3(3. 3)j 40.3 75 6. 0(0 ) 6. 3 953,Once 4 Indist. 5 
In short, the Bocci image aroused by a meaningful stimulus does not 
appear easily nor is it clearer as compared with one caused by a meaning 
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Table 6. Stimulus:Blue figure of human face. 
Duration (sec) I Latent time (sec) N £IF" l Durati_on of 
I ~--~----1----- um. 0 _1g?TI1 leach image Sub .Eye Mean ]Case ofj O Mean !Case ofj -0 - ap- d!Stlnctness ofl Long-· Short-
~-! (m. V) square % Cm. V) square % pearance imai,e 1est /est 
T 1· R 112. 0 .. (2. OJI 16. 3 1. 7416. O(~ JI 6. 7 I 9011, Once 2 IMost indist. I 3 - -
L 8. 0(4. O) 15. o 53 2. 3(0. 4) 3. 3 70 I, Once 2 Indist. 3 2 
-Al ~1l 2.0~2.0JI :::~ 1~213.~1.6)) ::~ 1~6
1
2,0~el !Most~dist. ! !- -~ 
0 I R l24. 3(1. s) 30. 3 II soj10. 7(0. 4JI- 13. 3 I sol' 2 IA little dist. ·1 41 l 
L 132. 0(0. 7Jj 36. 3 881 8. 7( 1. I) JO. 3 85 3 A little dist. 4 2 
-~~ 
S I R 137. 3/:J. 7)1· 37. 3 1100115. 7(2. 2)1 14.7 1107j - 2- IIndist. I 5 I 1 
I L 34. 7(2. 2; 39. o / 89 9. 3(0. ?JI 8. 7 1071 3 Indist. 6 2 
less homogeneous colour square. However, there is one exceptional case 
among 6 subjcts. 
EXPERIMENT III 
The binocular after-image strictly follows the Emmert law : that is, 
the size of the after-image changes exactly in proportion to the distance of 
the projection screen. Therefore, we may ascertain in some measure the 
degree of participation of cerebral or psychological factors in the image, 
by measuring the degree of deviation from the Emmert value. 
Experimental procedure 
First, the length of one size of the square of the Bocci image was 
measured with a compass on screen placed at 70cm from the eyes, on 
which the stimulus was exposed immediately before (standard position). 
This value serves as the standard value of size. 
In the second observation we measured its length on a screen at 140cm 
from the subj. , that 1s at a double distance as compared with the standard 
screen. 
In the last observation, we measured the length of the image on a screen 
at 35cm from the subj., that is, at a half distance as compared with the 
standard position. 
Except in the case of measuring at the standard position, we employed 
two screens, one at the standard position and the other at the required 
distance. As soon as the duration of the stimulus exposition was over, 
one screen at the standard position was taken away, so the Bocci image 
might be projected on the other screen. 
The measurement was repeated three times at each position. As the 
stimulus, we adopted a red square with a 5cm long side. The apparatus 
was exactly the same as in Exp. I and II. As subj. , we chose only those 
persons who could produce a very clear Bocci image. Otherwise the 
measurement would become almost impossible or inexact. 
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THE RESULTS OF THE EXP. III 
Table 7. The relations between size of image and distance of projetion 
ground screen. 
(Size is presented by the length of one side of image. ) 
Stimulus : Red square. (Size, 5cm2 ) 
I-





Distance __ ,, -- - ·------~--- -- -----
Eye R I L R I L 
I 
R I L I R I I -- --- _ _l_ 
Length(cm),(Mean) 9.40 9.60 9.57 9.40 9.57 9.57 9. 73 
140cm m.V. 0.07 0.20 0. 18 0.33 0. 18 0.36 0.04 
% 0. 7 2.1 I. 9 3.5 I. 9 3.8 4.1 
- --- ---- - --- --
Length(cm), (Mean) 5.00 4.83 4.93 4.87 4.87 5.03 4. 77 
70cm m.V. 0. 13 0.04 0.09 0.29 0.24 0. 11 0.04 
% 2.6 0.8 I. 8 6.0 4.9 2.2 0.8 
Length(cm), (Mean) 2.27 2. 17 2.50 2.37 2.33 2.30 2.43 
35cm m.V. 0.04 0.04 0.20 0.11 0.04 0.07 0.04 













(1) The size (the length of one side) of the Bocci image became about 
2 times larger when the image was projected on the screen placed at the 
double distance. It diminished to about a half of the standard size-when 
image was projected on the screen at a half distance. Thus the Bocci 
image obeys the Emmert law fairly well. But the ordinary after-image 
obeys the law far more exactly. 
(2) There were, of course, individual differences in the deviation from 
the law. Subj. T and O showed a comparatively greater deviation than 
from the normal after-imgae. 
(3) As a matter of course, it was impossible to measure minutely the 
size of the image. Neverthless, the percentage of mean variation to mean 
is small. 
From there resu1ts, we may now conclude that the Bocci image is in 
some measures similar to the after-image in relation to the Emmert law. 
But we found two subj. , who showed a somewhat larger amount of devia-
tion than for the binocular after-image. 
EXPERIMENT IV 
A developmental study of the Bocci image has never been attempted 
till now. How do the ability of producing the image and its clearness and 
colours change according to the stages of development of children and 
youth? If the ordinary after-mage is not only determined by fatigue or 
function of a peripheral organ and nerves caused by a momentary outward 
stimulus, but it is one of the functions for self-management or self-preser-
vation of the whole organism, as E. Hering and E. R. Jaensch< 10i once 
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asserted, in the Bocci image also some peculiar characteristics must be 
found in children which are different from those found in adults. 
Subjects : They were divided into the following 5 groups according to 
their age: 
Age L n I --- - --- - --- -
i Boy I Girl I - -
7- 8 5 5 Pupils of the primary school attached to the Facul-
9--JO 5 5 ty of Education, Tohoku University. 
11--12 5 5 
-----·----------·-·-··- -- ---- - ---
I 13--14 I 5 5 I Pupils of Itsutsubashi Middle School. - ---- ---- --- - ------- ---
15-16 5 5 Boys: pupils of the High School attached to To-
hoku Gakuin University. Girls : pupils of Hozawa 
High School 
As subjects, we chose at random pupils with normal or better than 
normal vision and no colour blindness. The experiments were carried out 
in a dark room of each school. Only High School pupils were observed in 
the Psychological Laboratory of Tohoku University. 
(1) In the peliminary experiment, we found, as the Table 8 shows, that 
Table 8 
Boys I Girls 
Age 
No. of S. in I No. of S. who I No. of S. in I No. of S. who 
prel. exp. prod. Bocci im. pre!. exp. prod. Bocci im. 
---- ---
I 
7- 8 6 6 (JOO;){,) 7 7 (100%) 
9-10 5 5 (100%) 5 5 (JOO;){,) 
11--12 5 5 (100%) 5 5 (JOO;){,) 
13-14 12 6 C 50%) 8 5 C 62,5%) 
15--16 15 
I 
2 C 13, 3%) 10 5 C 50%) 
the subj. from 7 to 12 years of age are all able to produce the Bocci 
image, while only 50 % of the boys and 62. 5 % of the girls from 13 to 14, 
only 13. 3 % of the boys and 50 % of the girls from 15 to 16 can produce 
it. The probability of appearence of the Bocci image increases the more, 
the younger the subject is. 
(2) It is remarkable that the duration of the Bocci image is much longer 
than that of the stimulated monocular after-image in boys below 12 years 
and girls below 14 years (Table 9 and Fig. 4). The duration of the former 
is 3 times to 5 times as long as that of the later. In children above 14 
the duration of the after-image is generally longer than that of the Bocci 
image as in the adults. 
The duration of the Bocci image decreases in proportion to the increase 
of age. The decrease is a little slower in girls than in boys. 
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Table 9. The mean values of image durations at each age. 
No. I. Boys (sec) 
Bocci '_1~
1
, 9-1011-11-12 13-14j 15-161 Age I _7-8 ~-10 [ 11-12113-14115-16/l/~~o-
image r 5-1 5 I 5 . 5 I 2 I n 5 5 I .. 5 ! 5 I 2 M1!!~~ 
~~'3:uJ. 217. I 35. 8 ~420. 3 18. 7 Mea~-144.; 30~~--4~. 2 29. Or5~~- S~~~-
right 124.4 14.9 16.8 13.6 2.3 m.V 76.2 10.o 9.4 16.3, 4.9 right 
~ ,_5_7 ___ :_2_ 41 __ 67 ___ 1~- % 53 33 23 56 I 19 eY:___ 
Red: ! 180. I 33. 5 40. 4 17. 5 17. 3 Mean 143. 5 24. 9 38. I 122. l 24. 9 i,_i Red: 
left 108. 0 17. I 16. 8 10. I 7. 7 m. V. 54. 5 12. 6 8. 2 8. I 4. 5 jl left 
eye I 60 51 42 58 45 % 38 51 21 1_~__24 II eye 
Green: i 124. 3 21.' I ,w. I 10. 81 0 Mean I[ 108. 7 19. 9 33. 8 [ 20. o 14.3 Green: 
right I Ii 99. 7 4. 4 10. 81 4. I - m.V.11 54. I 7. 3 8. 9 , 5. 2 0 right 
eye 80 20 28 38 I - 0/ 50 37 26 I 26 - eye I i /0 --------- - ------- -----·-----
Green: lll.81 19. 7 41. 6 8. 7 0 [Mean 104. 6 18.5 30.9 20.4 17.0 Green: 
left 57. 41 4.9 11. 8 4.2 - 1m.V. 33.5 4.2 7.3 6.2 0 left 
eye 51 I 25 28 48 - I U/ 32 23 24 30 - eye /0 
No. 2. Girls 
Bocci 7-8 9-10 I 11-12 13-14 15-16 Age 7-8 I 9-10 11-121 13-14 15-16 Mro-








-~----~.--~- , rir.age 
41. I [ 27. I I 30. 5 38. 8 43. 2 Mean 27. 7 25. o 26. 7 ? 54. 4 ) Stimul 
13.31 9.6
1
23.8 10.9 12.6 m.V. 7.5 10.5 8.4 - 11.2 i R~d~ 
32 35 ~ 78 28 29 36' 27 42 31 -- 21 \ r~:e t 
27. 5 18. 2 j 27. 9 24. 7 38. 9 Mean I 25. I 22. 4 30. o ' 40. 4 54. 6 I Red: 
8. 9 6. CJ , 21. 2 9. 6 22. 3 m. V. 6. 2 5. 6 6. 8 13. 2 12. 311 left 





22. 6 24. l 64. CJ 37. 2 i 23. 8 Mean 1• 17. 8 
9. 9 11. 8 - 13. 9 I 6. 8 m. V. 4. 9 
23. 9 
11. 5 
48 I 44 49 - 37 . 29 
1 
% 28 
_G_r_e_en~: 1~26 ___ 3 __ 20 ___ 2_[ _28-_-4--32-_-3--2;. 6 i M~a~ ~l~. 3 
left I 7.1 5.4 - 19.9 ll.6 lm.V. 6.9 6.2 
eye i 27 28 j - 62 39 % 44 38 
15. 7 40.5 27.6 Green: 
6. 9 13. o 5. 6 right 
44 32 20 eye 
13.0 32.0131. 7 
2. 9 13. 4 . 6. 2 




(3) In boys the Bocci image was aroused more easily by the green 
stimulusthan by the red. In girls, on the contrary, it was aroused more 
easily by the red than by the green. Here we find an unconscious selection 
about the stimuli. In this characteristic, the Bocci image is in some 
degree akin to the eidetic image. <u > 
(4) In most of the subj. 7 to 8 years old, the colour of the Bocci 
image was almost the same as the stimulus or near to it (Table 10). 
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Fig. 4. Mean durations at each age. 
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In this age group the colour of the after-image of the stimulated eye 
was also often the same or similar to that of the stimulus. As the age of 
the subj. advances, the chance of appearing of a complementary colour 
increases. Sometimes there appeared an intermediate colour, that is, a 
colour which is neither similar nor complementary to the stimulus colour. 
It is generally yellow. 
EXPERIMENT V 
In Experiment V we employed again the same meaningful and more 
interesting coloured figures as in Experiment II (See Fig. 2). Through 
this experiment we wanted to see the degree of participation of psychologi-
cal factors. If the cause of the image is not purely physiological, but in 
some measure psychological, the image ought to be more easily aroused by 
such meaningful stimuli than by homogeneous square stimuli and the image 
thus aroused must be clearer and more stable. 
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THE RESULTS OF EXPERIMENT V 
(1) There were found 12 subj. in whom the Bocci image did not appear 
from either colour (red and green) or to either eye (right and left). All 
the other subj. can produce this image from the meaningful stimulus. 
(2) If we classify the degree of clearness in a, b, c, d, e and f, as is 
shown in Table 11, we easily see that the clearness of the Bocci image 
aroused by a meaningful stimulus is greater in younger children. 
(3) Those subj. who saw a very clear image with nearly- the same 
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Table 10 
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contour as the stimulus and lasting longer than the Bocci image aroused 
a homogeneous square stimulus, were found only among the children 7 to 
10 Years old. The most remarkable subj. were 4 boys and 9 girls in the 
age group of 7 to 8. 
Table II 
- --~ 1
Boys I Girls 
Age I n I Degree of clearness In I Degree of clearness "--
I d f a b I C e a b C d e f 
7-~ 8 12 9 2 I 19 6 7 I 5 
9~10 18 4 10 3 I 20 6 9 2 I 2 
11---12 16 I 4 3 3 5 4 3 I 
13--14 17 4 3 5 5 10 4 4 2 
15~15 9 I 2 3 I 2 
total 63 14 16 11 6 10 6 62 12 17 5 13 8 7 
(4) Of these subj., one boy and two girls saw the Bocci image of 
almost the same colour as that of the stimulus and its duration was as 
long as 150 % of that of the image aroused by a square stimulus. They 
kept on gazing at the image on the screen quite absorbed and interested. 
What they saw must be no longer the Bocci image, but the eidetic image. 
Both images seem to be united in these cases. 
CONSIDERATIONS 
On the Bocci image hitherto have been offered 3 principal theories : 
(1) the contrast theory (Fechner, Bedard, Titchener, Wundt), 
(2) the co-excitement theory (Charpentier, Chauveau), 
(3) the cerebral origin theory (Parinaud, Ebbinghaus, Bocci and his 
pupils, P. Busse) 
The theories (1) and (2) may be regarded as peripheral ongm theory, 
though Wundt, for example, assumed that the image is produced by the 
excitement coming from the other retina through the middle brain. But 
nowadays, the after-image in general is supposed to be produced not by 
the excitement in the retina only, but by cerebrum also. <12> This is supported 
by electroencephalographic studies of H. H. Jasper, and R. M. Cruishank 
(1937) and K. Motokawa (1941). <13 ) It is also supported by Bocci<14> and his 
pupils' observations on neurosis, as well as by Vujic and Levi (1939) and 
A. Beppu (1952). <15> 
Modifying Ebbecke's theory, W oodworth<16> discriminates in the process 
of after-image retinal adataption and cortical after-excitation. He assumes 
that the "cortex takes an active part in the proceedings, a) by enhancing 
or reinforcing a fresh stimulation pattern, and b) by resisting and neutra-
lising a persisting pattern of stimulation received from retina, " (for 
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example, :fixating for 60 sec. in Ebbecke's experiment 1929). From his 
assumption it is without doubt also, that in the Bocci image process the 
cortical function plays more principal part than in the after-image in 
general. 
The Bocci image must be dependent more on the cerebral excitement 
than the binocular or monocular after-image. In children below 10 years 
and in a few adults, the Bocci image may be regarded rather as an 
independent of special phenomenon, not directly aroused by the excitement 
of the other eyes retina, but supported principally by the excitement of 
the optic centrum. 
The great difference in duration between the Bocci image and the 
monocular after-image, above all, confirms our assumption. Our assumption 
is supported also by the fact there are many adults who cannot produce 
Bocci image. On the other hand a boy of 5 years who could not produce 
the monocular after-image, but in whom the Bocci image appeared during 
6 min. 20. 4 sec. (subj. M. n. 4.) We also found that the Bocci image makes 
a sort of selection about the stimulus. In boys the image was produced more 
easily by a green stimulus, while in girls it was a red rather than green 
sitmulus which aroused the image more frequently. 
These facts tend to demonstrate that the Bocci image is, at least in 
younger persons, more strongly conditioned by the central factors than by 
the stimulation of the other eye's retina. 
However, although the Bocci image may be thought to be more strongly 
controlled by the central than the peripheral factors, its centrum must be 
the optic centrum and not the centrum controlling recognition, memory 
and understanding. The assumption is verified by the fact that the image 
is less easily poduced by the more meaningful and interesting stimulus, 
as weU as by the fact that the variation of its size is not in exact proportion 
to the difference of distance (deviation from the Emmert law). These facts 
show that the Bocci image is somewhat different from the eidetic image. 
hut in very young persons, i. e. , in children 7 to 10 years, it is possible 
the Bocci image is almost the same as the eidetic image. 
The Bocci image is, therefore, considered to be a peculiar image, which 
is not exclusively dependent to the stimulation of the other eye's retina It 
must be distinguished from the monocular or binocular after-image. The 
Bocci image of a child younger than about 10 years, has some characteristics 
very near to those of the eidetic image. 
The Bocci image is considered to be a phenomenon situated between 
the after-image. and the eidetic image. It is somewhat more psychologically 
conditioned in comparison to the after-image. But it is more physiologically 
conditioned in comparison to the eidetic image. 
On the other hand, the Bocci image of adults is, one may say, more 
controlled by pbysiological factors. That of young children is, on the contrary, 
more controlled by psychological factors. There are, of course, some 
exceptional cases to this tendency in both sort of groups. 
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SUMMARY 
(1) We succeeded in arousing the Bocci image in adults through light 
reflected from coloured paper in a dark room. Then we compared it with 
the monocular after-image. 
(2) In a preliminary observation, we found that only 6 out of 20 adult 
sudj. could produce the image. We observed a tendency that the older 
the subj. is, the more rarely the image appears. 
(3J The latent time was long. The image was faint. In general it had 
a complementary colour to the stimulus colour. The colour fluctuated 
often. 
(4) The Bccci image produced by a meaningful, interesting stimulus 
was incomplete in its from and much simplified. 
(5) The Bocci image followed the Emmert law fairly well. There was 
little deviation form the law. But it tended to deviate somewhat more 
than the after-image. 
(6) With the same apparatus and by almost the same procedure, we 
examined 5 age groups ranging from 7 to 16 years and each consisting of 
10 children (5 boys and 5 girls). 
All the boys and girls of 7 to 12 years were able to produce the Bocci 
image 100%. 
50 % of the boys and 63 % of the girls in the group of 13 to 14 years 
were able to produce it. 
The Bocci image appeared in only 14 % of the boys and 50 % of the 
girls in the group of 15 to 16 years 
(7) The duration of the Bocci image was rather remarkably longer 
than that of the monocular after-image of the stimulated eye in the children 
of 7 to 12 years. The colour of the image was in most cases similar to 
that of the stimulus. In subj. above 12 years, the Bocci image of a comple-
mentary colour appeared more frequently and its duration became 
shorter. 
(8) In boys the Bocci image was produced more frequently by the green 
stimulus than by the red. In girls, on the contrary, it was produced much 
oftener by the red stimulus than by the green. This is a sort of selection 
about stimulus which is observed quite often in the eidetic image. 
(9) Some of the boys and girls of 7 to 10 years could produce a very 
clear Bocci image with almost the same contour as the meaningful stimu-
lus. Among such subj. girls are more numerous than boys. However, 
such subj. are not many. 
(10) According to our opinion, the Bocci image must be regarded as a 
characteristic, special image, which is to be distinguished from the binocular 
or monocular after-image. 
(11) The peripheral origin theory as represented by the contrast theory 
and the concurrence or fusion theory, cannot explain the inability of so 
many adults to produce the Bocci image. It must be an image, which is 
more strongly conditioned by central than by peripheral factors. But the 
image in adults seems to be considerably conditioned by peripheral factors. 
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Therfore. their image has characteristics in some measure similar to 
after-image. 
(12) The Bocci image of children under 12 years has several qualities 
which are very near to those of the eidetic image. The Bocci image is in 
general thought to be lying in the middle between the physiological after-
image and the eidetic image. 
REFERENCE 
(I) B. Bocci, L'immagine visiva cerebrale. Contributo all'ottica fisiologica. I! Policlinico. 
1897. (We were not able to see the work). 
Alb. Motti, Neueste Untersuchungen iiber die Projektion monokularer Nachbilder 
<lurch <las nichtbelichtete Auge. Zeitschrift filr Sinnesphysiologie. 44. 1910. 
(2) Paula Busse, Ueber die Gedachtnisstufen und ihre Beziehung zum Aufbau der 
Wahrnehmungswelt. Z. Psycho!. 84. 1920. 
Ohwaki, Y., Kaiwa, T. und Kaketa, K., Psychologisch-rnedizinische Untersuchung 
der eidetischen Anlage japanischer Jugendlicher. 
( 1) Tohoku Psychologica Folia, 2. 1934-35. 
(2) if If If , 4. 1936-37. 
Ohwaki, Y., Psychology of Eidetic image (in Japanese). Tokyo. 1949. P. 174-179. 
\3) G. Th. Fechner, Ueber einige Verhaltnisse des binocularen Sehens. XVI. Wirkungen 
monocularer Farbenreizung. Abhandl. d. Konigl. sachs. Gesell. d. Wiss. z. 
Leipzig. VII. 1860. 
(4) W. Wundt, Grundziige der physio!ogischen Psychologie. Bd. II. 6. Aufl. 1910. S. 217. 
(5) H. Ebbinghaus, Ueber Nachbilder im binocularen Sehen und die binocularen Far-
benerscheinungen iiberhaupt. Pflilger's Archiv f. ges. Physiologie. 46. 1890. 
(6) E. B. Titchener, Ueber binoculare Wirkungen monocularer Reize. Wundt, Philos. 
Studien. 8. 1893. 
(7) R. S. Creed and R. D. Harding, Latency of after-images and interaction between 
the two retino-cerebral apparatus in man. J. of Physiology. 69. 1930. 
(8) F. C. Sumner and F. P. Watts, Rivalry between uniocular negative after-images 
and the vision of the other eye. Amer. J. Psych. 48. 1936. 
(9) E. Gotteil, Das latente Sinnengedachtnis der Jugendlichen. Z. Psycol. 87. 1921. S. 69-
72. 
P. Krellenberg, Ueber die Herausdifferenzierung der Wahrnehmungs- und Vor-
stellungswelt aus der originaren eidetischen Einheit. Z. Psycho]. 88. 1922. S. 
127-133. 
W. Edwards and E.G. Boring, What is Emrnert's Law? Amer. J. Psycho]. 64. 1951. 
(10) E. Hering, Grundzilge der Lehre vom Lichtsinn. 1907. 
(11) E. R. Jaensch, Ueber psychische Selektion. Z. Psycho!. 98. 1926. 
(12) R.H. Goldschmidt, Riickblick auf Nachbildtheorien bis zur Herausbildung der 
Fechner-Helmholzschen Auffassung. Arch. ges. Psych. 42. 1922. 
W. Schmiilling, Aufdeckung latenter eidetischer Phanomene und des integrierten 
Typus mit der Intermittenzmethode. Z. Psych. 104. 1927. 
E. Hering. o. c. 
(13) K. Motokawa, Die elektrenkephalographische Untersuchung des Entstehungsme-
chanismus der periodischen Nachbilder. Tohoku J. Exp. Med. 40. l 941. 
If if Noha (Brain Wave) (in Japanese). Tokyo. p. l 16-119. 1947. 
(14) Alb. Mochi, o. c. 
(15) A. Beppu, Psychiatric Studies on Visual After-Image. Psychiatrica et Neurologia 
Japonica. 54. I 952. 
178 Y oshikazu Oh w a k i and Takashi Ki ha ra 
(16) R. S. Woodworth, Experimental Psychology. N. Y. 1948. p. 558-561. 
RESUME 
(1) Nous avons réussi, par le stimulus que donne la lumière réfléchie par 
un morceau de papier coloré dans la chambre noire, à faire apparaitre 
l'image consécutive de Bocci chez les adultes. Nous l'avons comparée à 
l'image consécutive monoculaire. 
(2) Des vingt adultes mâles, il n'y a que six qui peuvent se représenter 
clairement l'image consécutive de Bocci. 
(3) II Y a un long temps latent jusqu'à ce que l'image apparaisse. L'image 
est très faible, tantôt elle parait, tanto elle disparait. Sa couleur est 
d'ordinaire la comp lémentaire du stimulus, mais chez l'un de ces adultes 
elleest à peu près de la même couleur que le stimulus. 
(4) Nous avons ensuite fait apparaitre l'image consécutive de Bocci au 
moyen du stimulus significatif au lieu du papier coloré. Cette fois, l'image 
est représentée bien "déformée" et simplifiée. 
(5) Elle satisfait assez fidèlement la loi d'Emmert. Mais comparée à l'image 
consécutive générale, elle tend à se dévier un peu plus. 
(6) Puis, nous avons fait, par le même arrangement expérimental, apparaitre 
l'image consècutive de Bocci chez les enfants à l'âge de 7-8, 9-10, 11-12, 
13-14 et 15-16, chacun de ces cinq groupes contenant dix enfants. Tous les 
enfants à l'âge de 7-12 out alors pu réagir. 50 pour cent des garcons et 63 
pour cent des jeunes filles à l'âge de 13-14 ont seuls pu réagir. 14 pour cent 
des garçons et 50 pour cent des jeunes filles à l'âge de 15-16 ont seuls pu 
réagir. 
(7) Chez les enfants au dessous de 12 ans, l'image consécutive de Bocci 
montre une durée plus longue que celle de l'image consécutive monoculaire. 
La couleur de l'image n'est pas la couleur complémentaire mais, d'ordinaire, 
la couleur analogue au stimulus. A mesure que l'âge avance à partir de 12, 
on trouve plus d'enfants qui ont l'image à couleur complémentaire et une 
durée de l'image devenir plus en plus courte. 
(8) Chez les garçons l'image consécutive de Bocci apparait plus facilement 
par le stimulus vert que par le stimulus rouge. Chez les jeunes filles, au 
contraire, elle apparait plus facilement par le stimulus rouge que par le 
stimulus vert. La sélection de stimulus qu'on trouve ici ressemble un peu 
au cas de l'image eidétique. 
(9) Si l'on fait appraitre l'image consécutive de Bocci par le stimulus 
significatif, certains enfants à l'âge de 7-10, contrairement aux adultes, se 
représentent celle qm a une forme correspondant presque exactement au 
stimulus. Ce qui arrive plus souvent chez les jeunes filles que chez les 
garçons, mais ces cas sont rares. 
(10) On peut considérer que l'image consécutive de Bocci est une image 
particulière qui devrait être distinguée de l'image consécutive binoculaire 
ou monoculaire. 
(11) Les deux théories sur l'image consécutive de Bocci-- l'une, théorie 
de contrast et l'autre, théorie de concurrence de deux champs visuels, 
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--regardaient le stimulus de organe peripheral comme principal agent de 
cette image. 
Mais ces theories basees sur le Stimulus de l'organe peripheral sont peu 
propre a expliquer ce fait qu'il se retrouve nombre d'adultes qui ne peuvent 
se representer cette ima~e. De plus, ces deux theories sont peu soutenables 
quand on tient compte des resultats des etudes recentes, soit sur la liaison 
entre l'image consecutive et 1' electrocephalogramme, soit sur l'image con-
secutive chez les maladie nerveuse et mentale faite par Bocci et les autres. 
(12) L'image consecutive de Bocci, surtous celle chez les enfants est bien 
proche de l'image eidetique. Mais celle chez les adultes s'approche a l'image 
consecutive generale. Generalement parlant, l'image consecutive de Bocci 
est un phenomene particulier qui se place entre l'image consecutive generale 
et l'image eidetique. 
ZUSAMMENFASSUNG 
( 1 ) Es ist uns gelungen, das sog. Bocci Nach bild hervorrufen zu lassen, 
durch die 60. Sek. Fixierung des an das mit der 200 W. elekt. Lampe 
belichteten Farbenpapiers im Dunkelkammer und dann durch die Ver-
dunkelung des Sehfeldes, sobald als die Fixierdauer vorüber ist. Die 
Reize waren 5cm Quadrate von roten, grünen und blauen Zimmermann-
Papieren. Jedesmal haben wir auch das gewöhnliche monoculare Nach-
bild beobachtet. 
( 2) Unter 20 Erwachsenen waren nur 6 Vpn. fähig, das verhältnismässig 
klare und deutliche Bocci Bild hervorzurufen. 
( 3) Die Latenzzeit ausserordentlich gross im Vergleich zum binocularen und 
monocularen Nachbilde. Das Bild war dünn und schwach. Wiederholte 
Schwankungen geschahen zwischen dem Erscheinen und dem Ver-
schwinden. Die Farbe des Bildes ist in der Regel komplementär. Nur 
bei einer Vp. war sie ungefähr gleichfarbig mit der Reizfarbe. 
( 4) Statt des Farbenquadrats haben wir 3 sinnvolle, farbige Gestalten (des 
Hunds, des Pferdes, des Profils) als Reiz gebraucht (Versuchsreihe II). 
Die Bocci Bilder von solchen Figuren sind im allgemeinen verwandelt, 
d. i. vereinfacht und verschwommen, doch mit einigen Ausnahmen. 
( 5 ) Die Bildgrösse hat ungefähr proportional zu der Entfernungsänderung 
des Projektionsschirms verändert. (das Emmert Gesetz) Aber das 
Bocci Bild abweicht vom Emmert Gesetz ein klein wenig. 
( 6) In der IV Versuchsreihe haben wir 60 Kinder durch ganz dieselbe Ver-
suchsanordnung das Bocci Bild hervorrufen lassen. Die Kinder bestanden 
aus 5 Gruppen, welche je zehn (5 Knaben und 5 Mädchen) 7-8, 9-10, 
11-12, 13-14, 15-16 jährige Kinder waren. Alle 7 bis 12 jährigen Vpn. 
waren fähig, ein deutliches Bocci Bild hervorzurufen (100%), aber 
unter 13 bis 14 jährigen Vpn. waren nur 50% von Knaben und 63% 
von Mädchen, und unter 15 bis 16 jährigen Vpn. nur 14% von Knaben 
und 50% von Mädchen dazu fähig. 
(7) Es war merkwürdig, dass die Dauer des Bocc1 Bildes war grösser 
(dreifach bzw. fünffach) als die des monocularen Nachbildes bei den 
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jünger als 12 jährigen Vpn. Die Farben ihrer Bocci Bilder sind, m der 
Regel, der Reizfarbe gleich- oder ähnlichtarbig. 
Unter den älter als 12 jährigen Vpn. ist die Dauer des Bildes nach 
dem Alter kürzer und die Farbe desselben komplementär geworden. 
( 8) Die Knaben ruften das Bocci Bild viel öfter durch den grünen Reiz 
hervor, Die Mädchen ruften, im Gegenteil, viel öfter und leichter 
durch den roten Reiz hervor. Hier zeigt das Bocci Bild eine Selektion 
über Reiz. welche so oft in dem eidetischen Bild geschieht. 
( 9) Wenn man die jungen Vpn. das Bocci Bild durch sinnvolle, mehr in-
teressante Reize erwecken lässt, so sind die 7 bis 10 jährige Vpn. 
fähig, das der Reizgestalt ungefähr vollkommen gleiche und deutliche 
Bild hervorzurufen. Solche Vpn. befinden sich viel mehr in den Mädchen 
als in den Knaben, aber solche Kinder sind nicht viel. 
(10) Aus unseren Versuchsresultaten haben wir zu der Folgerung gelangen, 
dass das Bocci Bild ein eigentümliches Bild ist, welches wir vom 
binocularen und monocularen Nachbild unterscheiden können. 
(11) Sowohl die Kontrasttheorie als auch Wettstreittheorie ist eine peri-
pherische Theorie, welche die Erregung im peripherischen Organ als 
den Hauptfaktor des Bildes betrachtet. Aber für die peripherische 
Theorie ist es schwer, die Unfähigkeit zur Hervorbringung des Bocci 
Bildes in so vielen Erwachsenen zu erklären. Nach der neuesten elek-
troenkephalogrammischen Untersuchung von dem Nachbild, sowie nach 
der Beobachtung über das Nachbild des Nervösen und der Geisteskranken 
durch Bocci und seine Schüler und durch noch neuere Forscher ist es 
klar, dass die zentrale Funktion eine nicht kleine Rolle im Nachbilde 
spielt. Das Bocc1 Bild muss ein solches Phänomen sein, in welchem die 
zentrale oder cerebrale Funktion eine viel stärkere Rolle als in dem 
Nachbilde spielt. 
(12) Vor allem in der Jugend hat das Bocci Bild eine verwandte Eigen-
tümlichkeit mit dem eidetischen Bild. Aber das Bocci Bild im Er-
wachsenen zeigt eine dem Nachbilde nahe Eigenschaft. 
Das Bocci Bild scheint, im allgemeinen, em eigentliches Phänomen zu 
sein, welches einen Platz zwischen dem Nachbilde und dem eidetischen 
Bilde nimmt. 
